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Abstract
Based on specimens from a historical collection from the classical Oligocene locality Armissan (Southern France) fossil fruits of Nym-
phaeaceae are described that can be affiliated to the Nymphaeaceae genus Nymphaea subgenus Lotos with confidence. Such findings 
were first described in 1865 by Saporta from Armissan as an extinct genus, Anoectomeria. However, in the absence of preserved seeds, 
and due to a misinterpretation of the organisation of the fruits, the fossils could only be affiliated to Nymphaeaceae in general. The identi-
fication of the historical specimens with preserved seeds allows a new interpretation of such fossils and, hence their identification as fruits 
of the subgenus Lotos. Especially the characteristical mode of fruit dehiscence, which leads to typical stigmatic discs in extant as well as 
in fossil specimens, confirms this affiliation. In this study, the flowers/fruits described by Saporta (rhizome, leaves and isolated seeds were 
also included in his taxa) are revised to Nymphaea (subgenus Lotos) brongniartii. Comparable Paleogene fossils from other localities are 
also discussed. Based on N. (L.) brongniartii the minimal geological age of the subgenus Lotos can be determined as Late Oligocene. By 
interpretation of the comparable Paleogene fossils as belonging to subgenus Lotos the minimal geological age of this taxon would even 
be Middle Eocene. The Late Oligocene minimal geological age of Lotos is in agreement with phylogenetic trees based on molecular data 
and allows a better calibration of molecular phylogenetic trees of Nymphaeaceae. 
Key words: Anoectomeria, Armissan, Lotos, Nymphaeaceae, Oligocene
Zusammenfassung
Nach Exemplaren einer historischen Aufsammlung von der klassischen Oligozän-Fundstelle Armissan (Südfrankreich) werden fossile 
Nymphaeaceen-Früchte mit Samen beschrieben, die eindeutig der rezenten Nymphaeaceen Gattung Nymphaea Untergattung Lotos 
zuzuordnen sind. Derartige Funde wurden zuerst 1865 von Saporta ebenfalls von Armissan als Anoectomeria brongniartii, A. nana und 
A. media beschrieben, und konnten aber wegen des Fehlens von Samen und der Fehldeutung des Fruchtaufbaus nur dieser Kunstgat-
tung und allgemein den Nymphaeaceae zugeordnet werden. Die Auffindung der historischen Exemplare, die anders als die von Saporta 
beschriebenen, Samen aufweisen und die damit mögliche Neuinterpretation dieser fossilen Früchte erlaubt eine eindeutige Zuordnung 
zur Untergattung Lotos. Besonders die sehr charakteristische Fruchtdehiszenz, die rezent wie fossil zu isolierten Scheiben aus verwach-
senen Griffelnarben führt, erlaubt nur diese Zuordnung. Die Blüten bzw. Früchte der Saporta-Taxa (Rhizome, Blätter und isolierte Samen 
wurden von ihm auch jeweils in die Taxa mit einbezogen) werden hier zu Nymphaea (subgenus Lotos) brongniartii revidiert.  Vergleichbare 
paläogene Funde von anderen Lokalitäten werden diskutiert. Mit Nymphaea (Lotos) brongniartii kann das minimale geologische Alter der 
Untergattung Lotos als Oberoligozän bestimmt werden. Mit der Zuordnung vergleichbarer paläogener Funde zu Lotos wäre das minimale 
geologische Alter sogar Mitteleozän. Das Oberoligozäne minimale geologische Alter von Lotos ist mit den aus molekularen Daten erstell-
ten Stammbäumen vereinbar und ermöglicht eine bessere Kalibrierung molekularer Stammbäume der Nymphaeaceae.
Schlüsselwörter: Anoectomeria, Armissan, Lotos, Nymphaeaceae, Oligozän
1. Introduction
The family of water lilies, Nymphaeaceae, is one 
of the basal angiosperm families (APG III, 2009). 
They include six modern genera which are globally 
distributed. Together with Cabombaceae (two extant 
genera Brasenia and Cabomba) the Nymphaeaceae 
form the order Nymphaeales (Les et al. 1999). As-
sessments of the phylogeny of extant angiosperm 
taxa based on multiple genes indicate that the Nym-
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matic disc of Nuphar from the Eocene of Washington 
Republic (Wehr & Manchester 1996) and Eocene of 
Oregon (Meyer & Manchester 1997). Fossil nympha-
eaceous fruits from the Eocene of Messel (Germany) 
comparable to extant Barclaya have been mentioned 
(Schaarschmidt 1988) and the corresponding seeds 
were illustrated and described as “Nymphaeales 
unnamed seeds” (Collinson et al. 2012). Dispersed 
pollen of Nymphaeaceae is known from the Middle 
Eocene of Stolzenbach, Germany (Hesse & Zetter 
2005).
Although seeds of this family are relatively com-
mon in the fossil record, fruits and especially com-
plete ones are among the rarest nymphaeaceous 
fossils. In this work we describe fossil Nymphaea-
ceae fruits with seeds from the Oligocene of France, 
which we demonstrate to be affiliated to the genus 
Nymphaea subgenus Lotos. Other occurrences of 
Cenozoic fruits of Nymphaea are also discussed.
2. Material and Methods
The fossils described in this paper are housed at 
the Bayerische Staatsammlung für Paläontologie 
und Geologie, Munich, Germany, under accession 
numbers BSGP 1888 XI 80 (Fig. 1), 1888 XI 78, 1888 
XI 79 (Fig. 2), 1888 XI 77 (Fig. 3), and the Muséum 
national d´Histoire Naturelle Paris (MNHN) under ac-
cession numbers 11100, 11113, 11098, and 12754.
For morphological interpretation we used the 
standard literature for Nymphaeaceae, including 
Caspary  (1856, 1866, 1891), Conard (1905), Lotzy 
(1911), Goebel (1933), Troll (1933), Li (1955), Heslop-
Harrison  (1955), Corner (1976), Wiersema (1987), 
Moseley (1961, 1965, 1993), Schneider & Williamson 
(1993), Yamada et al. (2004), Schneider et al. (2003), 
Soltis et al. (2003). Material from the Herbarium Mu-
nich and the Botanical Garden Munich Nymphen-
burg was also used. 
Abbreviations used in text and captions: 
(BSPG) = Bayerische Staatsammlung für Paläontologie und 
Geologie München
(UI) = Geologisches Institut der Universität Innsbruck, Österreich
(M) = Botanische Staatsammlung München
(MNHN) = Muséum national d´Histoire Naturelle Paris 
(NKMB) = Naturkunde Museum Berlin
3. Results
Order Nymphaeales Dumortier, 1829
Family Nymphaeaceae Salisbury, 1805
Genus Nymphaea Linnaeus, 1753
Section Symphytopleura Caspary, 1865/6
Subgenus Lotos Conard, 1905
Nymphaea brongniartii  (Caspary, 1856) Saporta, 
1865b emend.
(Fig. 4a, lectotype)
phaeales represent a monophyletic group that di-
verged early from other angiosperms (Les et al. 1999; 
Borsch et al. 2008, 2011). The family Nymphaeaceae 
is composed of three subfamilies, i.e. the Nupharoi-
deae, with the single genus Nuphar; Barclayoideae, 
with the single genus Barclaya; and Nymphaeoideae, 
which includes the four genera Euryale, Nymphaea, 
Ondinea, and Victoria (Les & Schneider 1995; Takhta-
jan 1997; Les et al. 1999). Flowers of Nymphaeaceae 
are characterized by their large size, high numbers 
of floral organs, flattened petal like stamens, and a 
syncarpous gynoecium.
There is a wealth of old fossil evidence of the evo-
lutionary history of Nymphaeaceae. For example, 
Monetianthus mirus is a fruit from the Lower Cre-
taceous of Portugal which is interpreted as a Nym-
phaeales (Friis et al. 2009). Nymphaeaceae leaves 
from the Cretaceous of Europe (Portugal) (Nympha-
eites choffatii) were first described by Saporta (1894) 
and confirmed later (Coiffard et al. 2007). From the 
Lower Cretaceous of the Brasilian Crato Formation 
inflorescences with leaves (Pluricarpellatia pelta-
ta) were found to belong to Nymphaeaceae (Mohr 
et al. 2008). Jaguariba wiersemana is an Early Cre-
taceous Nymphaeaceae complete plant from Cra-
to Formation (Coiffard et al. 2013). Takahashi et al. 
(2007) reported the seeds of Symphaenale futaben-
sis (Nymphaeales) from the Late Cretaceous (early 
Santonian) Tamayama Formation (Futaba Group) of 
northeastern Honshu. From the Maastrichtian of Ca-
nada the pollen taxa Zonosulcites scollardensis and 
Z. parvus were affiliated to Nymphaea zanzibarensis 
(Muller 1981). Small Nymphaeaceae fruits from the 
Turonian (Upper Cretaceous) of New Jersey are rela-
ted to extant Victoria and were named Microvictoria 
svitkoana (Gandolfo et al. 2004) although the affini-
ties to Nymphaeaceae were later challenged becau-
se of fundamental differences in floral arrangement 
(Endress 2008).
Numerous occurrences of Nymphaeaceae, mostly 
represented by seeds, are known from the Cenozoic. 
Collinson (1980) reviewed the Cenozoic record of 
nymphaeaceous seeds from Britain. Other records 
include Caspary (1856, 1866, 1891), Lancucka-Sro-
doniowa (1956), Kirchheimer (1957), Miki (1960), Sz-
afer (1961), Chandler (1961, 1963), Dorofeev (1963a, 
1963b 1970, 1971, 1972, 1973, 1974), Nikitin (1965, 
1976), Mai (1988, 1995), Friis (1979, 1985, 2001), 
Negru (1972), and Velichkevich & Zastawniak (2003, 
2008). 
The oldest record for the genus Nymphaea is 
based on seeds from the Upper Eocene or Lower 
Oligocene of England Nymphaea liminis (Collinson 
1980). Remarkably, there are Late Eocene seeds 
from Europe that must be assigned to the subgenus 
Lotos of the genus Nymphaea (Löhne 2006, 2008; 
Mai 1995). 
Seeds of Nymphaeaceae were reported from the 
Middle Eocene Allenby Formation of Princeton, Bri-
tish Columbia (Cevallos-Ferriz et al. 1989) and a stig-
Zitteliana A 53 (2013) 95
* v 1891  Anoectomeria media Saporta: Stigma: pp. 15, 16, pl. 
3, fig. 2 (NMHN, Paris, 12735), Bois-d´Asson/ Ma-
nosque (France), Rupelium
Locus typicus: Armissan/Narbonne (France), 
former owner of quarry Deveze and Cie (Zittel dia-
ries, 1888, H. Mayr, personal commun. 2004).
Stratum typicum: Chattium, (Lavocat 1955; 
Schmidt-Kittler 1971; Nel 1987; Mai 1995). Sapor-
ta  referred to the stratum as „couches á dalles“ 
(Zittel diaries, 1888, H. Mayr, personal commun. 
2004; Doncieux 1903).
Lectotypus: NMHN, Paris 11100 (Fig. 4a; original-
ly figured in Saporta 1865b: p. 161, pl. 10, fig 3 A), 
hic designatus 
v 1849  Nymphaea arethusae Brongniart – pp. 84 & 119, 74, 
pl. 6, fig. 9, seed (NMHN Paris 3014), Armissan, Chat-
tium.
1856  Nymphaeites brongniartii Caspary – pp.  203, 204, pl. 
13, Armissan, Chattium.
1859  Nymphaeites brongniartii Caspary – Heer: Teil 3, pp. 
195, pl. 155, fig. 20 a,b,c, seeds and rhizomes, Oron, 
Lausanne/Switzerland, Oligocene.
* v 1865b  Anoectomeria brongniartii (Caspary, 1856) Saporta: 
Stigmata: pp. 161, 162, pl. 10, fig. 3, A, A`, B, C, 
(NMHN Paris, 11100, 11113, 11098, 12754). Seeds: 
pp. 161–174, pl. 10, fig. 5, 5 A (NMHN, Paris, 11108.1, 
11108.2)
* v cf. 1889  Anoectomeria nana Saporta: Stigma: pp. 13, 14, pl. 
2, fig. 3 (NMHN 13960). Seeds (NMHN 16277, NMHN 
14760, NMHN 12735), Saint-Jean-de-Garguier/ Ma-
nosque, Rupelium
Figure 1: (a) Nymphaea (Lotos) brongniartii, dehiscent fossil fruit with seed from the Upper Oligocene of Armissan (BSGP 1888 XI 80); 
scale bar = 1 cm; (b) Diagrammatic representation of Fig. 1a; scale bar = 1 cm; (c) Detail showing seed; scale bar = 0.5 cm.
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sibly with air channels. The largest and outermost 
sepal base at the lower right side likely represents 
the medial sepal of the flower. The 15–20 mm wide 
bases of the petals are also sickle-shaped, possess 
vascular bundles, and have been dislodged during 
dehiscence of the fruit: one is positioned at the fruit 
base, while the others are scattered. An fused band 
(ca. 80 mm long) composed of seven rows of ap-
prox. 180 sickle-shaped stamen scars, each ca. 3.5 
mm long and 0.6 mm wide is preserved adjacent to 
the scattered petal bases. The successive rows of 
staminal bases are shifted against each other, in-
dicating a spiral arrangement of stamens. A single 
oval seed (3.8 x 2.5 mm) is preserved on top of the 
band of stamen bases. The surface of this seed con-
sists of a system of longitudinal ridges with putative 
Syntypes: NMHN, Paris 11113 (Fig. 4b), 11098 
(Fig. 4c), and 12754 (Fig. 4d)
Paralectotypes: BSGP 1888 XI 80 (Fig. 1), 1888 XI 
78, 1888 XI 79 (Fig. 2), and 1888 XI 77 (Fig. 3)
3.1 Description of new specimens 
The base of the fruit (Fig. 1a) is preserved as a ring 
(receptacle) (Fig. 1b) directly surrounded by four 18 
mm sickle-shaped sepal bases (scars of attachment 
sites) in tetramerous arrangement. In the centre of the 
ring remains of the peduncle with six major air canals 
are faintly recognizable. The sickle-shaped sepal 
bases each show a number of vascular bundles pos-
Figure 2: (a)  Nymphaea (Lotos) brongniartii, dehiscent fossil fruit with stigmatic disc and many seeds from the Upper Oligocene of Ar-
missan (BSGP 1888 XI 78 and 1888 XI 79); scale bar = 1 cm; (b) Counterpart of specimen illustrated in Fig. 2a; scale bar = 1 cm; (c) Detail 
showing seeds; scale bar = 1 cm; (d) Seed with operculum; scale bar = 0.5 cm. 
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longitudinal stripes become more prominent. Along 
one meridian from the operculum towards the chala-
za there is a furrow which represents the raphe. On 
the raphe ridge the longitudinal stripes are less diffe-
rentiated. The outer cells of the stripes have an un-
dulating border and are arranged at about the same 
positions in parallel longitudinal stripes, resulting in 
an overall crosswise structure. The longitudinal cells 
are most prominent in their middle; towards the oper-
culum and chalaza pole they become flat. On top of 
the longitudinal stripes, especially where the paired 
stripes meet at their ends, papillae are found. The 
specimens BSPG 1888 XI 78 and 1888 XI 79 show 
seeds with lost operculi. The cross section of a seed 
testa preserved in calcite analyzed by SEM shows 
two integuments (bitegmic), the inner one being thin-
ner (5 μm) than the outer one (35 μm). On the outer in-
tegument papillae occur. Such papillae are the bases 
of hairs in extant Nymphaea lotus seeds, but  hairs 
have not been observed and were not expected to 
be present in the fossil seeds. The outer integument 
is sclerenchymatous and has a rectangular columnar 
structure. A rarely preserved sack-shaped arillus (Fig. 
3a,b) shows a reticulate structure.
3.2 Description by Saporta 
The description of the fossil fruit genus Anoecto-
meria brongniartii (Caspary, 1856) by Saporta (1865b) 
was based on four specimens, but no holotype was 
designated. We have therefore designated NMHN, 
Paris 11100 (Saporta 1865b: pl. 10, fig 3A; refigured 
here in Fig. 4a) as the lectotype. Other specimens in-
cluded in Saporta’s contribution include NMHN, Pa-
ris 11113 (Saporta 1865b: pl. 10, fig 3B; this paper: 
Fig 4b), 11098 (Saporta 1865b: pl. 10, fig 3C; this 
paper: Fig. 4c), and 12754 (Saporta 1865b: pl. 10, 
fig. B’; this paper: Fig. 4d).
Saporta (1865b) gives a detailed description of 
the fruits, and affiliates them to Nymphaeites bron-
gniartii, a taxon introduced by Caspary (1856) for rhi-
zomes from Armissan/Narbonne (France), and also 
refers to isolated seeds (NMHN, Paris 3014) and 
rhizomes from Armissan described by Brongniart in 
1849 as Nymphaea arethusae Brongniart, 1849. Ho-
wever, Nymphaea arethusae does not only refer to 
the specimens from Armissan, but also to material 
from Longjumeau. Grambast (1962) later re-descri-
bed the fossils from Longjumeau as Nymphaea are-
thusae (Brongniart, 1822a; Brongniart, 1822b, 1828), 
and separated them from the fossils from Armissan. 
Saporta also mentions the description of seeds and 
rhizomes by Heer (1859) from the Oligocene of Oron, 
Lausanne/Switzerland as Nymphaeites brongniartii 
Caspary, 1856.
In Saporta’s interpretation the fruit is a dehiscent 
capsule constructed of ellipsoid components. Ba-
sed on this interpretation he established the new 
genus Anoectomeria for such fossil fruits. Based on 
scars of hairs between the two poles formed by the 
operculum and chalaza. The ridges are overlain by 
a system of transverse striations (caused by undu-
lating cell walls in extant Nymphaea lotus). A bulge 
representing the raphe is slightly visible at one side 
of the seed (left side in Fig. 1c). Scattered across 
the sediment surface are 25–30 carpels, each up to 
22 mm long and lacking appendages (Fig. 1b). The-
se carpels are linear and wedge-shaped and have a 
prominent longitudinal rib. The dehisced carpels to-
gether with the band/ring of stamina bases represent 
the former stigmatic disc (indehiscent form visible in 
Fig. 2). Two sepals of 40 mm length are preserved 
(Fig. 1b) and show a strong longitudinal venation. 
Their bases are truncate.
The second specimen (Fig. 2a,b) represents a 
complete stigmatic disc (45 mm wide) viewed from 
the ventral side. In the centre an area (8 mm in dia-
meter) occurs that represents the axis of the fruit. 
About 30 wedge-shaped stigmata or remains of car-
pels (up to 22 mm long) are radially arranged around 
the central axis. Each has a longitudinal groove in 
the positive sediment surface (Fig. 2a). The stigmata 
are connate in the central area of the stigmatic disc; 
at the outer area the stigmata are not fused. The ou-
termost parts of the stigmatic disc/carpel remains 
contain seeds (seeds described in detail below). At 
one side the outermost ring of sickle-shaped stami-
na bases is partially preserved.
The third specimen (Fig. 3) represents another 
dehiscent fruit. From the base of the fruit a ring (re-
ceptacle) (Fig. 3b), with residue of organic materi-
al within, is preserved. Around this ring four sepal 
bases are arranged. Petal bases are preserved, some 
in their original position around the sepal bases, 
some scattered on the sediment plane. A band (68 
mm long) composed of seven parallel rows of sickle-
shaped bases of stamina is positioned in vicinity to 
the fruit base. Attached to this band are unidenti-
fiable remains of tissue (probably stamina or petal 
remains) or mucilage from the fruit. Several operculi 
from seeds (1 mm in diameter) are scattered across 
the sediment plane (Fig. 3b). Between the base of 
the fruit and the band of stamina bases about 14 
carpels (20–25 mm) are preserved. Close to one car-
pel a putative seed arillus is seen (identifiable by its 
surface structure).
The seeds (Fig. 2a–e) have a height of 3,8–4,1 mm 
and width of 2,5–3 mm. The anatropous seeds with 
an ovoid to elongate shape show apically a circular 
operculum. In the middle of the operculum is the mi-
cropyle which is formed by a ring of small teeth. Late-
ral to the micropyle the hilum is visible as a bulge. The 
circular operculum is slightly lifted. Outside the circu-
lar operculum paired stripes radiate all over the seed 
towards the other pole of the seed with the pointed 
chalaza. There are approximately 20–25 paired longi-
tudinal stripes on the visible half of the seed. The bor-
der of the operculum is with less visible cells, next to 
this there is a lifted ring. Outside of this the radiating 
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stic seeds within Nymphaea brongniartii fruits. The-
se specimens now allow for a reinterpretation of the 
fossils as fruits of Nymphaea subgenus Lotos.
3.3 Emendation of Nymphaea brongniartii 
The diagnosis and emendation rely on Saporta’s 
specimens of Anoectomeria brongniartii (Caspary, 
1856) Saporta, 1865b, A. nana Saporta, 1889 and 
A. media Saporta, 1891 (both viewed as synonyms), 
as well as the specimens from the Munich collection 
with seeds preserved in situ (Figs 1–3).
Emended Diagnosis: Herbaceous, pedunculus 
with 5–7 major air channels; dome shaped floral 
base, whorled-trimerous; 4 sepals (evident by scars), 
sepal venation evident; maximal 12 petals (number 
evident by scars, only single petals preserved); tran-
sition from petals to stamina with a gap, numerous 
stamens (> 100), sickle-shape bases of stamens ar-
ranged in seven concentric fused rows, base of sta-
mens petaloid, stamens apical tapering and not slit; 
30–32 carpels, carpels linear and with longitudinal 
furrow, placentation laminar-diffuse, ascidiate, fused 
for least 50% forming a stigmatic disc; seeds ana-
tropous, more than one seed per carpel, carpel con-
sisting mainly of stigma, continuous stigmatic sur-
face, carpellary appendages not recognizable; fruit 
fleshy, aril present, seed shape ovoid, testa of the 
seeds with longitudinal ridges and putative scars of 
hairs, testa cells regular and with digitate cell walls, 
operculum present and cup-shaped, hilum in close 
vicinity to operculum, raphe present.
3.4 Reconstruction of Nymphaeae brongniartii
The swimming flower is alternate to whorled (he-
micyclic) in its organization. Five whorls can be re-
cognized, representing sepals (one whorl), petals 
(two whorls), stamina (one whorl, separated from the 
stamina whorl by a gap along the flower axis) and 
carpels (one whorl). There are four sepals and appro-
ximately twelve petals. In the opened flower petals 
and sepals are oriented more or less perpendicular 
to the floral axis, thus producing a flower with a di-
ameter of 6–8 cm. Like in extant flowers the thecae 
of the stamens was positioned above the pistil. Like 
in extant taxa such bas Nymphaea (Lotos) lotus var. 
lotus L. (Fig. 5a,b) dehiscence led to the separation 
of a ring formed by adhering stamen bases to which 
stamens are often still attached.
4. Discussion
4.1 Systematic affiliation
The presence of air channels in the peduncle is 
associated seeds (Nymphaea arethusae Brongniart, 
1849), which do not occur within his fossil fruits, but 
which come from the same sediments as the fruits, 
he assigned the genus to the Nymphaeaceae. Many 
later authors have criticised this interpretation and 
the new genus Anoectomeria, regarding the fossils 
as belonging to Nymphaea (Schimper 1874; Fritel 
1927; Kirchheimer 1957; Grambast 1962; Collinson 
1980; Mai 1988; Borsch 2000; Borsch et al. 2008; 
Dorofeev 1974). However, none of these latter scho-
lars re-described the fossils. What was interpreted 
by Saporta as ellipsoidal parts of the fruit with seeds 
is interpreted here (and by other authors) as bases of 
sepals and petals with air channels.
In 1888, Zittel acquired a collection from Armis-
san for the Bayerische Staatssammlung für Palä-
ontologie und Geologie in Munich, Germany. This 
collection contains several interesting specimens of 
water lily reproductive organs, showing characteri-
Figure 3: (a) Nymphaea (Lotos) brongniartii, dehisced fossil fruit 
with seed operculi from the Upper Oligocene of Armissan (BSGP 
1888 XI 77); scale bar = 1 cm; (b) Identification of parts (see Fig. 
1b for legend); scale bar = 1 cm. 
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Figure 4: (a–d) Specimens of Nymphaea (Lotos) brongniartii; (a) Lectotype (NMHN, Paris 11100) and (b–d) syntypes from Armissan 
(Aude), Narbonne (France), Chattium; formerly Anoectomeria brongniartii (Caspary, 1856) Saporta, 1865; scale bars = 1 cm.
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half of their length (Borsch et al. 2008). Consequent-
ly, all the fossil nymphaeaceous fructifications can 
be assigned to subgenus Lotos with confidence.
4.2 Geological age of Nymphaea 
subgenus Lotos
The specimens of Nymphaeae brongniartii from 
the BSPG Munich collection that formed the basis for 
characteristic of water plants like Nymphaeaeceae 
(Wiersema 1987). A number of four sepals in hy-
pogynous position is characteristic for the genus 
Nymphaea (Ito 1987). Among Nymphaeaceae seeds 
showing an irregular dehiscence during germina-
tion around the operculum is a characteristic of 
the genus Nymphaea (Weberbauer 1894; Dorofeev 
1974). Reinvestigation of all morphological charac-
ters (according to Borsch et al. 2008) also observ-
able in fossils confirmed the expected apomorphies 
for the Nymphaea genus group comprising Victoria, 
Euryale, Brachyceras, Anecphya, Lotos, Hydrocallis. 
These features include: “arillus present”, “perianth 
organ number 15–32”, and “dome-shaped floral 
base distinctly exceeding the carpels”. “Testa with 
hairs” is an apomorphy for the subgenera Lotos, Hy-
drocallis, Brachyceras, and Anecphya. Furthermore, 
almost complete fusion of the carpels in the fossils 
indicates that the fossil fruits belong to Symphyto-
pleura (eusyncarpous, fused more than 50%: Lotos, 
Hydrocallis), and not to Leptopleura (eusyncarpous, 
but fused less than 50%: Brachyceras, Anecphya). 
This is also supported by presence of the apomor-
phic character “linear shape of carpellary append-
ages” in subgenus Lotos. Conversely, Hydrocallis 
shows “strongly clavate carpellary appendages”. A 
transition from petals to stamens with a gap is typi-
cal for the subgenera Lotos and Anecphya (Conard 
1905; Tuzson 1909). In addition, the presence of 
five to seven major air channels in the peduncle, the 
seed surface structure, and the venation of sepals 
are also characteristics of subgenus Lotos, but not 
Hydrocallis  (Wiersema 1987). A ring-shaped recep-
tacle is a mechanically supporting structure that oc-
curs in all taxa of Nymphaea subgenus Lotos that 
produce flowers rising above the water level (Conard 
1905). An apomorphy and a most characteristic trait 
of flowers of the subgenus Lotos is a stigmatic disc 
formed by 30–32 carpels that are fused at least for 
Figure 5: (a) Extant dehisced fruit of Nymphaea (Lotos) lotus var. lotus from the Botanischer Garten München Nymphenburg; (b) Line 
drawing of the fruit in Fig. 5a; scale bars = 1 cm.
Figure 6: Nymphaeites saxonica Friedrich from the Upper Eocene 
of Bornstedt (Germany); NKMB; scale bar = 1 cm.
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et Rieber, 2009 (formerly Palaeolobium haering-
ianum) from Bad Häring, Duxer Köpfl (both Austria) 
and Socka (Slovenia) (Unger 1851), and Nymphaea 
brongniartii (formerly Anoectomeria media and A. 
nana, see above) from Manosque (Ducreux et al. 
1985) (Fig. 7a,b). In conclusion, the subgenus Lotos 
has a minimal geological age of Oligocene based on 
the evidence presented above, but might even be 
Middle Eocene in age.
Compelling fossil evidence for the occurrence 
of members of Nymphaea subgenus Lotos cannot 
be found among isolated fossil seed occurrences. 
Seeds of the genus Nymphaea, including those of 
subgenus Lotos, are characterized by undulating 
epidermal cell walls and by the organisation of the 
operculum with micropyle and hilum (Cevallos-Feriz 
and Stockey 1989: fig. 17). Seeds displaying this 
set of characters have been discovered from many 
fossil localities, and have been discribed as Palaeo-
nymphaea (Eocene, Chandler 1961), Dusembaya 
(Oligocene, Dorofeev 1973), Sabrenia (Oligocene, 
Collinson 1980), Allenbya collinsonae (Eocene, 
Cevallos-Feriz and Stockey 1989), Nymphaea lim-
inis (Eocene, Collinson 1980) and simply ‘nymphae-
aceous seeds’ (Eocene of Messel, Collinson et al. 
2012). However, similar seeds occur are produced in 
fruits of a number of extant Nymphaeaceae (Weber-
bauer 1894; Collinson 1980), and thus do not allow 
for positive identification of Nymphaea subgenus Lo-
tos in the fossil record.
4.3 Correlation with molecular phylogenetic 
analysis
Assignment of fossil nymphaeaceous fruits con-
the emendation of Nymphaea subgenus Lotos (see 
above) represent the best preserved fruits and con-
tain also seeds available to date. The fossils come 
from the Upper Oligocene (28.4–23.0 Myr, Gradstein 
et al. 2004) of Armissan (Basin of Narbonne), France. 
The specimens have mainly been collected from the 
bituminous limestone “La Clape”, which represents 
a freshwater deposit. The fine-grained sediment 
allows a good preservation of delicate structures 
of plants. The sediments have been dated as Late 
Oligocene based on mammal (Anthracotherium hip-
poideum Nolet Urne, Pseudosciurus suevicum Lavo-
cat), reptile (Lazarussuchus inexpectatus Hecht) and 
insect (Sapho armissani Nel) fossils (Lavocat 1955; 
Schmidt-Kittler 1971; Hecht 1992; Ducreux 1985; 
Nel 1987; Mai 1995). 
From other localities nymphaeaceous fruits are 
known that also undoubtedly belong to the subge-
nus Lotos. Although preservation is in some cases 
not optimal, these fruits are all characterized by the 
presence of a receptacle consisting of fused lin-
ear carpels with longitudinal furrows surrounded by 
sickle-shape bases of stamens arranged in concen-
tric fused rows. The oldest fruits shoing this suite of 
characters are Nymphaeites palaeolobioides (Engel-
hardt) Kirchheimer from the Middle Eocene of Mes-
sel (Engelhardt 1922; Kirchheimer 1957) and Nym-
phaeites saxonica Friedrich from the Upper Eocene 
of Bornstedt (both Germany) (Friedrich 1883; Kirch-
heimer 1957) (Fig. 6). Nymphaea polyrrhiza (Saporta, 
1865a) from the Oligocene of Saint Zacherie (France) 
seems to belong to genus Nymphaea but not to sub-
genus Lotos because a stigmatic disc is lacking. 
Putative fossil members of subgenus Lotos include 
Nymphaea haeringiana (Unger) Butzmann, Fischer 
Figure 7: (a&b) Nymphaea (Lotos) brongniartii; (a) specimen formerly known as Anoectomeria media Saporta (NMHN, Paris 12735, Bois-
d´Asson, Manosque, France, Rupelium) and (b) specimen formerly known as Anoectomeria nana Saporta (NMHN, Paris 16277, Saint-
Jean-de-Garguier/ Manosque, France, Rupelium); a seed preserved in one carpel is also visible; scale bars = 1 cm.
Zitteliana A 53 (2013) 102
J Bogner is also acknowledged for critically proof-
reading of the manuscript and fruitful discussion. D 
de Franceschi (Muséum national d´Histoire naturelle, 
Paris) granted access to the originals of Anoectome-
ria kept in Paris; photographs of fossils in the Paris 
collection were provided by D Serrette. G Cheylan 
granted access to the Saporta collection housed at 
the Muéum d´Histoire Naturelle d’Aix en Provence, 
France. C Laforsch (University of Bayreuth) provided 
SEM images of the testa. B Mohr (Naturkunde-Mu-
seum der Humboldt-Universität, Berlin) helped with 
material (photography C Radke). G Butzmann pro-
vided the drawings used in this study. For support 
and discussion we are indebted to T Denk (Stock-
holm), G Tarmann and W Resch (Innsbruck), M Groß 
(Graz), B Meller (Vienna), J Kovar-Eder (Stuttgart). B 
Metzger, I Rohn, K Bensch and K von Appen helped 
with the translations of French and Russian papers. 
We greatfully acknowledge the encouragement and 
help in conducting this study that we received from 
the late D Mai (Berlin). Finally, we thank SR Man-
chester for his constructive comments and sugges-
tions that greatly helped to improve the paper.
6. References
Angiosperm Phylogeny Group. 2009. An update of the Angiosperm 
Phylogeny Group classification for the orders and families of 
flowering plants: APG III”. Botanical Journal of the Linnean 
Society 161, 105–121.
Biswal DK, Debnath M,  Kumar S, Pramod P, Tandon P. 2012. 
Phylogenetic reconstruction in the Order Nymphaeales: ITS2 
secondary structure analysis and in silico testing of maturase 
k (matK) as a potential marker for DNA bar coding. BMC Bio-
informatics PMID 23282079.
Bonilla-Barbosa J, Novelo A, Orozco YH, Márquez-Guznán J. 2000. 
Comparative seed morphology of  Mexican Nymphaea species. 
Aquatic Botany 68, 189–204.
Borsch T. 2000. Phylogeny and Evolution of genus Nymphaea 
(Nymphaeaceae). Dissertation Friedrich Wilhelms Universität, 
Bonn, 156 p.
Borsch T, Löhne C, Wiersema J. 2008.  Phylogeny and evolution-
ary patterns in Nymphaeales: integrating genes, genomes and 
morphology. Taxon 57, 1052–1081.
Borsch T, Löhne C, Mbaye MS ,Wiersema J. 2011. Towards a 
complete species tree of Nymphaea: shedding further light 
on subg. Brachyceras and its relationships to the Australian 
water-lilies. Telopea 13, 193–217.
Brongniart A. 1822a. Description des végétaux fossiles du terrain 
du sèdiment supèrieur, cités dans la description géologique du 
bassin de Paris. In: GS Cuvier, Al Brongniart (Eds), Description 
Géologiques des Environs de Paris. Paris, Masson, 353–428.
Brongniart A. 1822b. Sur la classification et la distribution des 
végétaux fossiles. Mémoires du Muséum National d´Histoire 
Naturelle Paris 8, 203–240.
Brongniart A. 1828. Prodrome d´une histoire des végétaux fossiles. 
Paris, Levrault, 223 p.
Brongniart, A. 1849. Tableau des genres de végétaux fossiles 
considérés sous le point de vue leur classification botanique et 
leur distribution géologique. In: A de Orbigny (Ed), Dictionaire 
universel d´histoire naturelle. Paris, Bureau Principal l´Edition, 
127 p.
Butzmann R, Gregor HJ. 2002. Die oligozäne Flora von Bad Häring 
(Tirol) I. Documenta naturae 140, 1–170. 
Butzmann R, Fischer TC. 2004. Fossile Gynoeceen der basalen 
taining seeds from well-dated localities to Nymphaea 
and, more specifically, to the subgenus Lotos allows 
correlation of paleontological data with the Nym-
phaeaceae phylogenetic tree based on morphologi-
cal characters and its dating of divergence times by 
chloroplast DNA sequence analysis (Borsch et al. 
2008, 2011; Löhne et al. 2006, 2008). The Eocene 
Nymphaea saxonica and the Early Oligocene Nym-
phaeae brongniartii show almost completely fused 
carpels and carpellary appendages of linear shape, 
and thus can be recognized as belonging to the sub-
genus Lotos. As a result, the origin of subgenus Lo-
tos and its divergence from Hydrocallis (strongly cla-
vate carpellary appendages) (divergence point “10”, 
Löhne et al. 2008) and, in consequence, the previous 
divergences within the genus Nymphaea (divergence 
points “5”, “6”, and “8”) must be dated back to the 
Late Eocene (approx. 40 myr). This is within the giv-
en time span for the basal divergence of the genus 
Nymphaea at 25,4 +- 14,3 myr (point “5”), but much 
older than the calculated divergence time for subge-
nus Lotos at 11,3 +- 7,8 myr (Miocene to Pliocene). 
Similar results were obtained by Yoo et al. (2005) and 
Biswal et al. (2012).
5. Conclusions
Well preserved fossil nympheaceous fruits from a 
historical collection from the Upper Oligocene of Ar-
missan, France, have been recognized as belonging 
to Nymphaea subgenus Lotos. Moreover, other fossil 
nympheaceous fruits, previously assigned to Ano-
ectomeria brongniartii, A. nana, and A. media, have 
been revised and transferred to  Nymphaea (Lotos) 
brongniartii. Based on the fossils, a minimal geolo-
gical age of Oligocene is proposed for the subgenus 
Lotos. The clade formed by the palaeotropical/neo-
tropical sister-subgenera Lotos and Hydrocallis is de-
fined by morphological characteristics and is strongly 
supported by molecular phylogenetic analyses (Löh-
ne et al. 2008). The fossil fruits described in this study 
come from a palaeotropical European locality and are 
clearly identifiable as subgenus Lotos. The Oligocene 
age of the fossils falls within the expected time in-
terval for the origin of this clade. This identification 
is in good agreement with the extant occurrences of 
subgenus Lotos in Europe, Asia and Africa, and of 
subgenus Hydrocallis in South America.
Acknowledgements
We thank M Krings, W Werner, H Mayr, and E 
Rieber for making the material from the Bayerische 
Staatsammlung für Paläontologie und Geologie 
(BSPG), Munich, available. Assistance with extent 
material for comparison was provided by G Gerlach 
and J Bogner (Botanischer Garten München) and F 
Schuhwerk (Botanische Staatssammlung München); 
Zitteliana A 53 (2013) 103
Friedrich P 1883. Abhandlungen zur geologischen Spezialkarte von 
Preussen und den Thüringischen Staaten 4, p. 150.
Friis EM. 1979. The Damgaard flora: a new Middle Eocene flora 
from Denmark. Bulletin of the Geological Society Denmark 
27, 117–142.
Friis EM. 1985. Angiosperm fruits and seeds from the Middle 
Miocene of Jutland (Denmark). Biologiske Skrifter, Kongelige 
Danske Videnskabernes Selskab 24, 1–166.
Friis EM, Pedersen RK, Crane, PR. 2001. Fossil evidence of wa-
ter lilies (Nymphaeales) in the early Cretaceous. Nature 410, 
357–360.
Friis EM, Pedersen KR. 2009. Monetianthus mirus gen. et sp. nov. 
a Nymphaealean flower from the Early Cretaceous of Portugal. 
International Journal of Plant Sciences 170, 1086–1101.
Fritel MPH. 1927. Observation sur le Rhizome des Nymphéacées 
de l´oligocene. Bulletin du Muséum d’Histoire Naturelle de 
Paris 33, 314–319.
Gandolfo MA, Nixon KC, Crepet WL. 2004. Cretaceous flowers of 
Nymphaeaceae and implications for complex insect entrapment 
pollination mechanisms in early angiosperms. Proceedings 
of the National Academy of Sciences of the United States of 
America 101, 8056–8060. 
Goebel K. von 1933. Organographie der Pflanzen insbesondere der 
Archegoniaten und Samenpflanzen. 3. Teil. Jena, G. Fischer 
Verlag, 1379–2078 p.
Gradstein FM, Ogg JG, Smith AC, Agterberg FP, Bleeker W, Cooper 
RA, Davydov V, Gibbard P, Hinnov LA, House MR, Lourens L, 
Luterbacher HP, McArthur JP, Melchin M, J, Robb LJ, Shergold 
J, Villeneuve M, Wardlaw BR, Ali J, Brinkhuis H, Hilgen FJ, 
Hooker J, Howarth RJ, Knoll AH, Laskar J, Monechi S, Plumb 
KA, Powell J, Raffi I, Röhl U, Sadler P, Sanfilippo A, Schmitz 
B, Shackleton NJ, Shields GA, Strauss H, Van Dam J, Van 
Kolfschoten T, Veizer J, Wilson D. 2004. A Geologic Time Scale. 
Cambridge, UK, Cambridge University Press.
Grambast L. 1962. Flora de l´oligocene superieur du Bassin de 
Paris. Annales de Paléontologique 48, 3–80.
Hesse M, Zetter R 2005. Ultrastructure and diversity of recent and 
fossil zona-aperturate pollen grains. Plant Systematics and 
Evolution 255, 145–176.
Hecht MK 1992. A new choristodere (Reptilia, Diapsida) from the 
Oligocene of France: an example of the Lazarus effect. Geobios 
25, 115–131.
Heslop-Harrison Y. 1955. The biological flora of the British Isles. 
Nymphaea L emend Sm. Journal of Ecology 43, 719–734.
Ito M. 1987. Phylogenetic Systematics of the Nymphaeales. The 
Botanical Magazin Tokyo 100, 17–35.
Kirchheimer F. 1957. Die Laubgewächse der Braunkohlenzeit. Halle/
Saale, Wilh. Knapp, 672 p.
Kubitzki K. 1993. The Families and Genera of Vascular Plants II. 
Berlin, Springer Verlag, 653 p.  
Lancucka-Srodoniowa M. 1956. Miocenska flora z Rypina na Po-
jezierzu Dobrzynskim. Instytut Geologiczny Prace Warszawa 
15, 5–76.
Lavocat R. 1955. Sur un squelette de Pseudosciurus provenant du 
gisement d’Armissan (Aude). Annales de paléontologie 41, 15 p.
Li HL. 1955.  Classification and Phylogeny of Nymphaeaceae and 
allied families.  American Midland Naturalist 55, 33–41.
Les DH, Schneider EL, Padgett DJ, Soltis PS, Soltis DE, Zanis M. 
1999. Phylogeny, classification and floral evolution of water lilies 
(Nymphaeaceae, Nymphaeales): A synthesis of non-molecular, 
rbcL, matK, and 18S rDNA data. Systematic Botany 24, 28–46.
Löhne C. 2006. Molecular phylogenetics and historical biogeog-
raphy of basal angiosperms – a case study in Nymphaeales. 
Doctoral Thesis, Mathematisch–naturwissenschaftlichen 
Fakultät, Rheinische Friedrich-Wilhelms-Universität Bonn, 
Germany, 174 p.
Löhne C, Yoo MI, Borsch T, Wiersema J, Wilde V, Bell CD, Barthlott 
W, Soltis DE, Soltis PS. 2008. Biogeography of Nymphaeales: 
extant patterns and historical events. Taxon 57, 1123–1146.
Lotzy JP. 1911. Vorträge über Botanische Stammesgeschichte III. 1. 
Teil. Cormophyta – Siphonogamia.  Jena, Verlag Fischer, 1055 p.
Angiospermenfamilie Nymphaeaceae im Paläogen als Ve-
rwandte Nymphaea Sub-Genus Lotos. Abstract APP-Tagung 
München 2004.
Butzmann R, Fischer TC, Rieber E. 2009. Makroflora aus dem 
inneralpinen Fächerdelta der Häring Formation (Rupelium) 
des Duxer Köpfl bei Kufstein / Unterinntal (Austria). Zitteliana 
A 48/49, 129–163.
Caspary R. 1856. Les Nymphéacées fossiles. Annales des sciences 
naturelles, Botanique 4, 199–221.
Caspary R. 1865/6. Nymphaeaceae. Annales Musei botanici Lu-
gduno-Batavi 2, 241–253.
Caspary R. 1891. Nymphaeaceae. In: A Engler, K Prantl (Eds), Die 
natürlichen Pflanzenfamilien. Leipzig, 3, 1–10.
Cevallos-Ferriz SRS, Stockey RA. 1989. Permineralized fruits and 
seeds from the Princeton Chert (Middle Eocene) of British 
Columbia: Nymphaeaceae. Botanical Gazette 150, 207–217.
Chandler MEJ. 1961. The Lower Tertiary Floras of Southern Eng-
land I. Palaeocene Flora, London Clay Flora. London, British 
Museum (Natural History), 354 p.
Chandler MEJ. 1963. The Lower Tertiary Floras of Southern Eng-
land III. The Flora of the Bournemouth Beds, the Boscombe 
and the Heghcliff Sands. London, British Museum (Natural 
History), 169 p.
Chen I, Manchester SR, Chen Z. 2004. Anatomically preserved 
seeds of Nuphar (Nymphaeaceae) from the early Eocene of 
Wutu, Shandong province. American Journal of Botany 91, 
1265–1272.
Coiffard C, Gomez B,  Thevenard F. 2007. Early Cretaceous An-
giosperm Invasion of Western Europe and Major Environmental 
Changes. Annual  Botany 100, 545–553.
Coiffard C, Mohr BAR, Bernardes-de-Oliveira MEC 2013. Jaguariba 
wiersemana gen. nov. et sp. nov., an Early Cretaceous member 
of crown group Nymphaeales (Nymphaeaceae) from northern 
Gondwana. Taxon 62, 141–151.
Collinson ME. 1980. Recent and Tertiary seeds of the Nymphae-
aceae sensu lato with a revision of Brasenia ovula (Brong.) Reid 
and Chandler. Annals of Botany 46, 606–632.
Collinson ME, Manchester SR, Wilde V. 2012. Fossil fruits and seeds 
of the Middle Eocene Messel biota, Germany. Abhandlungen 
der Senckenberg Gesellschaft für Naturforschung 570, 1–251.
Conard HS. 1905. The Waterlilies. A Monograph of the Genus Nym-
phaea. Washington, Carnegie Institution Publications 4, 279 p.
Corner EJH. 1976. The seeds of dicotyledons, vol. 1. Cambridge, 
Cambridge University Press, 311 p.
Doncieux L. 1903. Monographie Géologique et Paléontologique 
des corbières orientales. Annales l`Universitè Lyon 1, 1–377.
Dorofeev P. 1963a. Treticnye rastenija Kazachstana. Botanicheskiy 
Zhurnal 48, 171–181.
Dorofeev P. 1963b. Treticnye flory Zapadnoj Sibiri. Moskva-Lenin-
grad, Nauka, 345 p. 
Dorofeev P. 1971. O pliocenovoj flore der. Cholmec na Dnepre. 
Doklady Akademii Nauk SSSR 200, 917–920.
Dorofeev P. 1972. K sistematike predkovych form Euryale. Bota-
nicheskiy Zhurnal 57, 1047–1054.
Dorofeev P. 1973. K sistematike prekoych form Brasenia. Paleon-
tologicheskii Zhurnal 2, 103–111. 
Dorofeev P. 1974. Cabombaceae, Nymphaeaceae, Ceratophyl-
laceae. In: AL Takhtajan (Ed) Iskopaemye cvetkovye rastenija 
SSSR (Magnoliophyta Fossilia U. R. S. S.) 1. Teil. Leningrad, 
Nauka, 188 p.
Ducreux JL, Hugueney M, Truc G. 1985. La formation des Calcaires 
et Lignites de Sigonce (Oligocène moyen, bassin de Forcalquier, 
Alpes-de-Haute-Provence): Datation à l’aide des mammifères; 
reconstitution des milieux de dépots. Geobios 18, 109–114.
Endress PK. 2008. Perianth biology in the basal grade of extant 
angiosperms. International Journal of Plant Sciences 169, 
844–862.
Engelhardt H. 1922. Die alttertiäre Flora von Messel bei Darmstadt. 
Abhandlungen der Hessischen geologischen Landesanstalt 
7, 17–128.
Engler A. 1964.  Syllabus der Pflanzenfamilien II. Teil. Angiospermen. 
Berlin, Borntraeger Verlag, 666 p. 
Zitteliana A 53 (2013) 104
eines warmen Klimas. In: Schaal S, Ziegler W. (eds), Messel – 
Ein Schaufenster in die Geschichte der Erde und des Lebens. 
Frankfurt am Main, Verlag Waldemar Kramer, 315 p.
Schimper WPH. 1874. Traité de Paléontologie Végétale ou la flore 
du monde primitif. III. Paris,  J-B Baillière, 396 p. 
Schmidt-Kittler N. 1971. Odontologische Untersuchungen an Pseu-
dosciurides (Rodentia Mammalia) des Alttertiäres. Bayerische 
Akademie der Wissenschaften, Mathematisch-Naturwissens-
chaftliche Klasse, Neue Folge 150, 1–133.
Schneider EL,  Williamson PS. 1993. Nymphaeaceae. In: K Kubitzki 
(ed.), The Families and Genera of Vascular Plants II. Berlin, 
Springer, 486–493.
Schneider EL, Tucker SC, Williamson  PS. 2003. Floral Development 
in the Nymphaeales. International Journal of Plant Sciences 
164 (5 Suppl.), 279–292.
Szafer W. 1961. Miocenska flora ze Starych Gliwic na Slasku. 
Instytut Geologiczny Prace Warszawa 23, 1–205.
Takhtajan, AL 1997. Diversity and classification of flowering plants. 
New York, Columbia University Press, 643 p.
Takahashi M, Friis EM, Crane PR. 2007. Fossil seeds of Nym-
phaeales from the Tamayama Formation (Futaba Group), Late 
Cretaceous (Early Santonian) of Northeastern Honshu, Japan. 
International Journal of Plant Science 168, 341–350.
Troll W. 1933. Beiträge zur Morphologie des Gynaceums. IV. Über 
das Gynaeceum der Nymphaeaceen. Planta 21, 447–485.
Tuzson L. 1909. Morphologie und systematische Gliederung von 
Nymphaea lotus. Mathematisch-natwissenschaftliche Berichte 
Ungarns 25, 275–311.
Unger F. 1841–1847. Chloris protogaea. Beiträge zur Vorwelt. I–X. 
Leipzig, Wilhelm Engelmann Verlag, 150 p.
Unger F. 1850. Genera et species plantarum fossilium. Wien, 
Braunmüller Verlag, 627 p.
Unger F. 1851. Die fossile Flora von Sotzka. Denkschriften (Ös-
terreichische Akademie der Wissenschaften), mathematisch-
naturwissenschaftliche Classe 2, 131–167.
Velichkevich, F, Zastawniak E. 2003. The pliocene flora of Kholmech, 
south-eastern Belarus and its correlation with other Pliocene 
flora of Europe. Acta Palaeobotanica 43, 137–259.
Velichkevich F, Zastawniak E. 2008. Atlas of the Pleistocene vas-
cular plant macrofossils of Central and Eastern Europe. Part 
2. Krakow, W. Szafer Institut of Botany, Polish Academy of 
Sciences, 380 p. 
Weberbauer A. 1894. Beiträge zur Samenanatomie der Nym-
phaeaceen. Botanische Jahrbücher 18, 213–258.
Wehr WC, Manchester SR. 1996. Paleobotanical significance of 
flowers, fruits and seeds from the Eocene of Republic, Wash-
ington. Washington Geology 24, 25–27.
Wiersema JH. 1987.  A monograph of Nymphaea subgenus Hy-
drocallis (Nymphaeaceae). Systematic  Botany Monographs 
16, 1–112.
Yamada T, Imaichi R, Kato M. 2001. Developmental morphology 
of ovules and seeds of Nymphaeales. American Journal of 
Botany 88, 963–974.
Yoo MJ, Bell CD, Soltis PS, Soltis DE. 2005. Divergence times and 
historical biogeography of Nymphaeales. Systematic Botany 
30, 693–704.
Mai DH. 1988.  New Nymphaealean fossils from the Tertiary of 
central Europe. Tertiary Research 9, 87–96. 
Mai DH. 1995. Tertiäre Vegetationsgeschichte Europas. Jena, 
Stuttgart, New York, Fischer Verlag, 691 p.
Meyer HW, Manchester SR. 1997. The Oligocene Bridge Creek Flora 
of the John Day Formation, Oregon. University of California 
Press, US Publications in Geological Sciences 141, 1–191.
Miki S. 1960. Nymphaeaceae remains in Japan with new fossil 
genus Eoeuryale. Journal of the Institute of Polytechnics, Osaka 
City University 11, 63–78.
Mohr B,  Bernardes-de-Oliveira MEC, Taylor DW. 2008. Pluricarpel-
latia, a nymphaealean angiosperm from the Lower Cretaceous 
of northern Gondwana (Crato Formation, Brazil). Taxon 57, 
1147–1158.
Moseley MF. 1961.  Morphological studies of the Nymphaeaceae 
II. The flower of Nymphaea. Botanical Gazette 122, 233–259.
Moseley MF. 1965.  Morphological studies of the Nymphaeaceae III. 
The floral anatomy of Nuphar. Phytomorphology 21, 253–283.
Moseley MF, Schneider EL, Williamson PS. 1993. Phylogenetic 
interpretations from selected floral vasculature characters in 
the Nymphaeaceae sensu lato. Aquatic Botany 44, 325–342.
Muller J. 1981. Fossil Pollen Records of Extant Angiosperms. 
Botanical Review 47, 1–142.
Negru AG. 1972. Ranneponticeskaja flora severovostoka Moldavii. 
Kischinev (Schtiinca). Akademija Nauk Moldavskoi SSR, 169 p.
Nel A. 1987. Un Nouveau Calopterygidae Fossile des Laminites 
Oligocènes D’Armissan (Aude, France). Revue Française 
D’Entomologie 9, 147–148.
Nikitin PA. 1965. Aquitanian seed flora from “Lagernogo sad” 
Tomsk. Tomsk University, 112 p.
Nikitin PA. 1976. Flora Mamontovoy gory po semenam I plodam. 
In: VN Saks  (Ed), Miocene Mamontovoj Gory. Moskow, Izd. 
Nauka, 131–194
Troll W. 1933. Beiträge zur Morphologie des Gynoeceums. VI. Über 
das Gynoeceum der Nymphaeaceen. Planta 21, 447–485.
Saporta G de. 1865a. Etudes sur la végétation du Sud-Est de la 
France à l’époque tertiaire, 2e partie, I. Introduction a la deu-
xieme partie: 5–60; II Flore des Calcaires marneux littoraux 
du bassin de Marseille (Saint-Jean-de-Garguier, Fenestrelle, 
Allauch, Marseille, d’Armissan, Peyriac), 61–152. Annales des 
Sciences Naturelles 5e serie, Bot. III, 5–152.
Saporta G de. 1865b. Etudes sur la végétation du Sud-Est de la 
France à l’époque tertiaire, 2e partie, III. Flore d’ Armissan et 
de Peyriac, dans le bassin de Narbonne (Aude). Annales des 
Sciences Naturelles, 5e serie, Bot. IV, 5–264.
Saporta G de. 1889. Etudes sur la végétation du Sud-Est de la 
France à l’époque tertiaire. Dernières adjonctions à la flore 
fossile d’Aix-en-Provence.I. Description des especes, 2e partie. 
Annales des Sciences Naturelles, 7 serie, Bot. X, 1–192.
Saporta G de. 1891. Recherches sur la végétation du niveau aqui-
tanien de Manosque: I. Nymphéinées 6–22, II. Palmiers 23–34, 
III. Amentacées, Salicinées et Urticinées 35–83. Mémoires de 
la Société Géologique de France, Paléontologie 9, I–III, 1–83.
Saporta  G de, 1894. Flore fossile du Portugal. Nouvelles contri-
butions à la flore mesozoique. Lissabon, 228 p.
Schaarschmidt F 1988. Der Wald, fossile Pflanzen als Zeugen 
